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57 ABSTRACT 
A shift control system is disclosed for use with a multi 

stage transmission adapted to be disposed in a plural 
ity of states in which various serial combinations of 
gears are disposed between an input and an output 
shaft. Two position solenoid valves are provided to 
control the engagement of each stage. A manually en 
ergized state selector for the transmission may take 
the form of either a shiftable lever or a plurality of 
push buttons, only one of which may be engaged at a 
single time. Pairs of single pole switches are associated 
with each state of the selector switch and are wired 
into two sets. Power is applied to one set or the other 
depending upon the position of a shift direction 
switch. Circuitry connects each solenoid valve to at 
least one switch in the upshift set and one in the 
downshift set. The higher shift ratios may be selec 
tively deemergized to prevent the transmissionn from 
being accidently disposed in an excessively high shift 
ratio. A tachometer controlled comparator inhibits the 
deenergization of a high ratio transmission stage until 
the engine speed is low enough to prevent racing. 

6 Claims, 3 Drawing Figures 
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SHIFT CONTROL SYSTEM FOR MULTI-STAGE 
TRANSMISSION 

FIELD OF THE INVENTION 5 ; 
This invention relates to manually actuated shift con 

trol systems for multi-stage transmissions. 

BACKGROUND OF THE INVENTION 

Multi-stage transmissions of the type used for auto 
mobiles, trucks and the like may broadly be divided 
into two classes. In one class, which will be termed the 
parallel type, each stage is connectable between the 
input and output and only a single stage may be en- 15 
gaged at one time. Accordingly, when the transmission 
is shifted one stage must be disengaged and another 
stage engaged in synchronism. In the second class, 
which will be termed serial transmissions, the output of 
one stage is fed to the input of the next stage and each 20 
stage may be either engaged or disengaged so as to 
multiply its input power by either a first or second gear 
ratio. Typically, one of the gear ratios is unity. 

In this serial class of transmissions, a shift simply 
involves the engagement of an additional higher stage 25 
or the disengagement of a previously engaged stage. In 
such transmissions, it is necessary to insure that when a 
particular stage is engaged, all lower stages are also 
engaged. This requirement is easily met employing shift 
levers which must be moved through definite sequen- 30 
ces, so that, for example, the shift from neutral to third 
involves the sequential engagement of the first, second 
and then third stages. When a push button type electro 
mechanical shift system is provided wherein the higher 
stage may be selected without previously engaging 35 
lower stages, means must be provided for insuring the 
proper set of engagements for each position of the 
actuator. 

SUMMARY OF THE INVENTION 40 
The present invention relates to a shift control system 

for a serial, multi-stage transmission including means 
for insuring the proper engagement of all stages of the 
transmission for any position of the shift control. The 
shift control may take the form of either push buttons 45 
which are individually selectable, or a shift lever which 
may be moved to any one of a plurality of positions. 
The present invention provides a two-position sole 

noid energized actuator for each stage of the transmis 
sion. The actuators are preferably of the double sole- 50 
noid, non-spring return type so that energization of one 
of the solenoids moves the actuator into a first position, 
and it remains in that position until the second solenoid 
is energized, when the actuator is moved to its second 
position. r 55 

In addition to the manually engageable transmission 
stage selector, the system of the present invention in 
corporates a two-position switch controlling the direc 
tion of shifts. When the switch is in the up-shift posi 
tion, shifts in the upward direction may be achieved, 60 
but movements of the stage control selector to a down 
shift position will not modify the state of the transmis 
sion. Similarly, when the shift direction control is in a 
down-shift direction, changes of the stage selector to a 
higher stage will not modify the condition of the trans- 65 
mission. This switch thus prevents accidental shifts in 
the wrong direction. It may also be connected to and 
operate in unison with the throttle control. 

2 
To prevent racing of the engine which could be 

harmful, a tachometer mechanism conditions the 
down-shifting of the transmission as a function of the 
engine speed. For example, a shift from fourth stage to 
third stage may be only allowed when the engine speed 
is below 3,000 rpm while a shift from third stage to 
second stage may be achieved as long as the engine 
speed is below 2,500 rpm. When a down-shift is at 
tempted and the engine speed is too high to allow that 

1. Prior Art 8 10 down-shift, the control system permits the down-shift 
as soon as the engine speed drops below the control 
figure. 
The preferred embodiment of the invention also in 

cludes a switch mechanism for controlling the maxi 
mum upper range of the transmission. For example, in 
a five stage transmission, switches are provided which 
will permanently disengage either the fifth, or the fifth 
and the fourth stages, effectively converting the trans 
mission to either a four or three stage transmission. 
This is particularly useful in truck transmissions having 
a high number of ratios, which do not always require all 
the torque multiplication available. 

In the preferred embodiment of the invention one or 
two of single pole single throw switches are associated 
with each stage selector position. The switches asso 
ciated with the stage are closed when that stage is se 
lected. On those stages having a pair of switches one of 
the switches has one terminal connected to the battery 
when the shift direction switch is in the up-shift posi 
tion and the other switch is energized when the shift 
direction switch is in the down-shift direction. Accord 
ingly, when the stage selection control is in a particular 
stage, one of the two single pole switches associated 
with that stage is energized, depending upon the state 
of the shift direction control switch. Diode circuitry 
connected to various of the shift engagement solenoids 
and the shift direction selector switches, engages the 
proper solenoids for each combination of stage selec 
tion switch and shift direction switch. 
The shift control system of the present invention 

therefore allows the use of convenient push button 
switches or selector lever switches without creating the 
danger of accidentally shifting the transmission to an 
improper position which might damage the engine or 
the transmission. . 
Other objectives, advantages and applications of the 

present invention will be made apparent by the follow 
ing detailed description of several embodiments of the 
invention. The description makes reference to the ac 
companying drawings in which: 
FIG. 1 is a schematic diagram of a control system 

formed in accordance with the present invention incor 
porating a shift direction switch to condition the opera 
tion of a push button stage selector; 
FIG. 2 is a schematic diagram of a second embodi 

ment of the invention wherein down-shifts of the trans 
mission, selected by the stage selector, are inhibited 
when the engine speed is excessive for a particular 
down-shift; and 
FIG. 3 is a schematic diagram of a third embodiment 

of the invention incorporating switch means for selec 
tively enabling or disenabling the transmission stage 
associated with the highest shift range. 

All three embodiments of the invention disclosed in 
the drawings are intended to be employed with a serial 
type transmission having one reverse stage and four 
stages of forward engagement. In each of the embodi 
ments the reverse stage is controlled by a two solenoid 
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shift acutator 10, having a pair of solenoids 10a and 
10b. Energizing the solenoid 10a engages the stage and 
when the solenoid 10b is energized the reverse stage is 
disengaged. The circuitry is such that solenoids 10a and 
10b cannot be energized simultaneously. 
Similarly, the first forward stage of the transmission is 

controlled by an engager generally indicated at 12 
having a pair of solenoids 12a and 12b which respec 
tively engage and disengage that stage. A pair of sole 
noids 14a and 14b are associated with a second forward 
stage actuator generally indicated at 14. The third stage 
actuator 16 has a pair of solenoids 16a and 16b and the 
fourth forward stage actuator 18 has an engaging sole 
noid 8a and a disengaging solenoid 18b. There is no 
limit to the number of stages with which the invention 
may be employed. 
The control is provided with a six push button stage 

selector switch. The push buttons may be of the type 
wherein a button once pushed stays depressed until 
another button is pushed, at which time the first button 
rises. Alternatively, the push buttons could be of the 
momentary contact type which rise as soon as the de 
pressing force is removed. 
The push button 20 is adapted to engage the trans 

mission into reverse, the push button 22 engages the 
transmission into neutral; the push button 24 engages 
the transmission into first forward gear; the push button 
26 engages the transmission into second forward gear; 
the push button 28 engages the transmission into third 
forward gear; and the push button 30 engages the trans 
mission into the fourth forward gear. 
Each push button is physically associated with either 

one or two switches each having sets of single pole 
single throw, normally open, contacts. The single pair 
of contacts associated with the reverse switch 20 are 
denominated 20a, the single pair of contacts associated 
with the neutral switch 22 are denominated 22b, the 
two sets of contacts associated with the first forward 
stage 24 are denominated 24a and 24b, the two sets of 
contacts associated with the second forward stage 26 
are denominated 26a and 26b; the two sets of contacts 
associated with the third forward stage 28 are denomi 
nated 28a and 28b, and the single pair of contacts 
associated with the fourth forward stage switch 30 are 
denominated 30a. 
A single pole double throw switch 32 can bring its 

common contact into connection with either one pole 
32a or a second pole 32b. The switch 32 is the shift 
direction control selector and when the switch makes 
contact with the terminal 32a, upshifts are enabled 
while when the switch makes contact with terminal 
32b, down-shifts are enabled. The common terminal is 
connected to the negative terminal of the vehicle bat 
tery 34 which has its positive terminal grounded. Ac 
cordingly, the switch 32 controls the application of 
negative potential to either the terminal 32a or 32h. 

: The terminal 32a is connected to one contact of each 
of the contact sets 20a, 24a, 26a, 28a and 30a and 
similarly the contact 32b of the shift direction control 
switch is connected to one contact of each of the 
contact sets, 24b, 26b and 28b. When the switch 32 is 
in its up-shift position wherein it contacts the terminal 
32a, the a contact sets associated with each of the push 
buttons receive power and the b contact sets do not 
receive any power. When the switch 32 is thrown to the 
down-shift position, this relationship is reversed. The 
one exception to this rule is the contact 22b associated 
with the neutral push button 22, which is permanently 
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4 
connected to the negative terminal of the battery 34, 
independent of the position of the switch 32. 
The other contact of contact set 28a is connected to 

the reverse stage engaging solenoid 10a through a 
diode 36 which allows only unidirectional current flow 
between the elements in accordance with the orienta 
tion of the diode. The other terminal of that solenoid, 
like one of the terminals of each of the solenoids, is 
grounded. Accordingly, when the switch 32 is in its 
up-shift position and the push button 20 is depressed, 
the solenoid 10a is energized, shifting the reverse stage 
of the solenoid to the engaged position. The contact set 
28a is also connected to the third forward stage engag 
ing solenoid 16a through a diode 40, or a similar uni 
directional conductive device. The engagement of the 
third forward stage at the same time as the reverse 
stage provides the appropriate reverse gear ratio. The 
diode 36 prevents energization of the reverse solenoid 
10a when the third forward stage solenoid 16a is ener 
gized to put the transmission into third gear. 

In a similar fashion, the free member of the contact 
set 24a is connected to the first stage engaging solenoid 
12a which has its other terminal grounded, so as to 
engage the first stage of the transmission when the shift 
direction selector is in the up-shift direction and the 
push button 24 is depressed; and the engaging solenoid 
12a for the first forward stage is connected to the 
contact set 24a so that a current is applied to the sole 
noid 12a when the push button 24 is depressed. The 
engaging solenoid 14.a for the second forward stage is 
connected to the contact set 26a so as to engage the 
second forward stage when the push button 26 is de 
pressed and shift direction switch 32 is in an up-shift 
direction. The contact set 26a is also connected to the 
solenoid 12a through a diode 38 so that both the first 
and second forward stages are placed in the engaged 
position when the push button 26 is depressed. The 
directional quality of the diode 38 prevents the closing 
of the contact set 24.a from energizing the solenoid 14a. 
The contact set 28a associated with the third stage 

push button 28 is connected to the third stage solenoid 
16a through a diode 40 which prevents current applied 
to the solenoid 16a through the diode 36 from propa 
gating to the other solenoids. The contact 28a is also 
connected to the solenoids 14a and 12a through the 
diodes 42 and 38. The contact 30a is connected to the 
solenoid 18a in the fourth stage so as to engage the 
fourth stage when the push button 30 is depressed and 
a diode 44 applies the same power to the first three 
stages so that all four are engaged when the push but 
ton 30 is depressed and the shift direction switch 32 is 
in the up-shift direction. 
Considering the b contact sets, as has been noted the 

contact set 22b associated with a neutral push button 
22 has one terminal permanently connected to the 
negative terminal of battery 34. The other contact of 
that set connects directly to the disengage solenoids for 
the reverse stage and the first forward stage, 10b and 
12b respectively, through a conductor 46. It also con 
nects to the disengage solenoids 14b of the second 
stage through a diode 48; to the disengage solenoid 16b 
for the third forward stage through a diode 50; and to 
the disengage solenoid 18b for the fourth forward stage 
through a diode 52. Thus, when the neutral push button 
22 is engaged, independent of the setting of the shift 
direction control lever 32, all of the transmission stages 
are disengaged. 



S 
The contact set 24b is connected to the down-shift 

contact 32b of the shift direction selection switch and 
the other contact is connected to the second forward 
stage disengage solenoid 14b. Accordingly, when the 
shift direction control is in the down-shift direction and 
the push button 24 is depressed, the second forward 
stage is disengaged, if it was previously engaged. Simi 
larly, the contact sets 26b and 28b are connected to the 
down-shift side of the shift direction selection switch 32 
and to the disengage solenoids for the third and fourth 
stages, 16b and 18b, respectively. 

In operation, this arrangement prevents...a shift in any 
direction contrary to the position of the shift direction 
selection switch 32 with exception of a shift into neu 
tral, which is necessary for emergency purposes. When 
the shift direction control is in the up-shift direction, 
the depression of a button which would cause a down 
shift produces no change in state of the transmission 
and similarly when the shift selection switch is in the 
down-shift direction, an attempt to up-shift the trans 
mission is ineffective. When a push button is depressed 
to cause a shift in the same direction as the position of 
the shift direction control switch, all of the transmission 
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of the tachometer 60 exceeds the safe down-shift speed 
for that stage as determined by the potentiometer asso 

'ciated with that stage, the associated disengage sole 

10 

noid will not be energized until the engine speed falls 
below the maximum level. In this manner the engine is 
prevented from racing by an untimely down-shift. 
The potentiometers 62a, 64a, 66a and 68a will be 

manually adjusted to allow down-shifts to neutral, first, 
second and third, respectively, at increasing speeds. 
For example, the down-shift to neutral might be al 
lowed to occur at speeds below 500 rpm; the down 
shift to first might be allowed at speeds below 2,000 

5 

20 

stages which should be controlled by that switch are 
properly engaged or disengaged, independently of 
whether the shift is in an increment of one or more 
stages. 
The embodiment of FIG. 2 includes all of the ele 

ments of FIG. 1 and additionally adds mechanism and 
circuitry for delaying a down-shift signal by the depres 
sion of one of the lower stage push buttons if the engine 
speed at the time of that depression is so high that the 
engine would undesirably race if the down-shift were 
made. 
All of the elements of FIG. 2 which are identical to 

those of the embodiment of FIG. 1 have been given the 
same numerals. The additional circuitry is interposed in 
the lines connecting the down-shift contacts 22b, 24b, 
26b and 28b with their respective down-shift solenoids. 
The down-shift limiting circuitry is controlled by a 
tachometer 60, appropriately connected to the vehicle 
engine. The tachometer may be of any type which 
generates an electrical signal proportional to the engine 
speed. Its output is provided to four comparators 62, 
64, 66 and 68. Each of the comparators includes a 
potentiometer 62a, 64a, 66a and 68a which may be 
adjusted to control the reference voltage of the com 
parator. 
The comparators act to determine when the output 

of the tachometer is less than the reference voltage set 
up by their potentiometer and to energize an output 
solenoid 62b, 64b, 66b and 68b only at such time as the 
tachometer output is less than the reference voltage. 
Single pole switches are associated with each solenoid. 
The switch set 62c is interposed in the line between the 
contact set 22b and the disengage solenoids 10b and 
12b for reverse and the first forward stage respectively. 
Contact set 64c is interposed in the line between the 
contact set 24b and the second forward stage disengage 
solenoid 14b. Contact set 66c is interposed between the 
contact sets 26b and the third forward stage disengage 
solenoid 16b, and the contact set 68c is interposed 
between the contact set 24b and the fourth forward 
stage disengage solenoid 18b. 
The comparators operate only when the direction 

selection switch 32 is in the downward direction and a 
down-shift is attempted by depressing push buttons 28, 
26 or 24. If the engine speed as indicated by the output 
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rpm; the down-shift to second at speeds below 2,750 
rpm; and the down-shift to third at speeds below 3,000 
rpm. 
FIG.3 illustrates a variation on the shift control sys 

tem wherein means are provided to disable one or more 
of the highest forward speed ranges so as to reduce the 
overall torque multiplication. The apparatus illustrated 
is substantially that of FIG. 1 with a pair of ganged 
single pole switches interposed in the connections to 
the solenoids 18a and 18b of the fourth forward speed, 
which may be used to selectively disengage that stage 
by permanently placing it in a direct drive condition. A 
normally open switch element 80 is interposed in a line 
82 extending between the up-shift terminal 32a of the 
shift direction selection switch and the ungrounded 
side of the solenoid 18.a. A normally closed switch 
element 84 is interposed in the connection between the 
ungrounded side of the fourth stage solenoid 18b and 
the down-shift contacts 28b. The switch elements 80 
and 84 are ganged together. 
When the fourth stage of the transmission is to be 

de-energized, the switches are thrown so as to close 
switch 80 and open switch 84. This supplies power to 
solenoid 18a whenever the switch direction control is 
in the up-shift direction. Solenoid 18a engages the 
fourth stage into a direct drive. Simultaneously, ganged 
switch 84 is opened preventing the engagement of sole 
noid 18b. In this manner, the fourth stage is always 
shifted to a direct drive position independent of the 
position of the shift stage control. 
Having thus described my invention, I claim: the 

embodiments of the invention in which an exclusive 
property or privilege is claimed are defined as follows: 

1. In a transmission having a plurality of stages 
adapted to be engaged in a serial manner, a shift con 
trol system comprising: a plurality of electrically ener 
gized two-position actuators, one associated with each 
transmission stage, each adapted to place its associated 
stage in either an engaged or non-engaged position; a 
manually controlled state selector having a plurality of 
positions equal to at least the number of stages in the 
transmission; a source of electrical power; a plurality of 
switches having their conditions controlled by the state 
selector; a shift direction control switch and electrical 
conductor means interconnecting said source of elec 
tric power, said switches, said shift direction control 
switch, and said two-position actuators so as to control 
the engagement and disengagement of the stages of the 
transmission as a function of the position of the state 
selector. 

2. The transmission of claim 1 wherein said switches 
include a plurality of single throw down-shift switches 
associated with certain positions of the state selector 
and a plurality of single throw up-shift switches asso 
ciated with certain positions of the state selector, the 
switches having a first condition when the state selector 
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is in a state associated with such switch and a second 
condition when the state selector is in a different posi 
tion. 

3. The transmission of claim 2 wherein said electrical 
conductor means, includes uni-directional conductive 
devices. 
4. The transmission of claim 1 including switch 

means for de-engerizing one or more of the highest 
ratio stages of the transmission so as to prevent the 
engagement of those stages by the state selector. 

5. The transmission of claim 1 wherein the transmis 
sion has an input shaft driven by the engine, and further 
including a tachometer operative to generate a signal 
proportional to the speed of the engine; and a plurality 
of means connected to the output of the tachometer 
and operative to condition the energization of certain 
of the actuators following a change in the position of 
the state selector, as a function of said signal of the 
tachometer. 

6. In a transmission having a plurality of stages 
adapted to be engaged in a serial manner, a shift con 
trol system comprising: a plurality of electrically ener 
gized two-position actuators, one associated with each 
transmission stage, each adapted to place its associated 
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8 
stage in either a first or second position; a manually 
controlled state selector having a plurality of positions 
equal to the number of stages in the transmission; a 
plurality of single throw down-shift switches associated 
with certain of the positions of the state selector; a 
plurality of single throw up-shift switches associated 
with certain positions of the state selector; connections 
between each of the actuators, and at least one of ei 
ther the up-shift or down-shift switches; a source of 
electrical power; and a shift direction control switch 
adapted to provide power to either one terminal of 
each of the up-shift switches or one terminal of each of 
the down-shift switches so as to operate in accordance 
with the position of the state selector; connections 
between the source of electric power, switches, and the 
two-position actuators, adapted to energize certain of 
the actuators as a function of the position of the state 
selector; means for generating an electrical signal pro 
portional to the input speed of the transmission; and 
means controlled by said electrical signal proportional 
to the speed of the input for conditioning the engage 
ment of certain of the two-position actuators following 
a change in the position of the state selector. 
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